Cardiac sarcoidosis usually occurs in the context of systemic disease; however, isolated cardiac involvement can occur in up to 25% of cases and tends to be clinically silent. When symptoms are present, they are often nonspecific and occasionally fatal, representing a diagnostic challenge. A high index of clinical suspicion and the integration of appropriate imaging, laboratory, and pathologic findings is always required. Treatment aims to control the systemic inflammatory condition while preventing further cardiac damage. However, even with adequate diagnosis and treatment strategies, prognosis remains poor. We describe the case of a patient who presented with cardiac symptoms, whose initial examination was unrevealing. Diagnosis was made retrospectively based on later systemic manifestations that revealed characteristic sarcoidosis findings.
INTRODUCTION
Sarcoidosis is a multiorgan inflammatory disease of unknown etiology characterized by the formation of immune, noncaseating granulomas. Global prevalence is estimated around 4.7 to 64 cases per 100,000, with an annual incidence of approximately 10.9 cases per 100,000 in the United States [1, 2] . The highest rates have been reported among northern Europeans and African-Americans. In this latter group, incidence reaches 35.5 cases per 100,000 [1, 2] . Although it more frequently involves the lungs and lymphatic nodes, up to 30% of patients present with extrapulmonary manifestations [3] . The most common sites of extrapulmonary disease include the skin, eyes, reticuloendothelial system, exocrine glands, heart, kidney, and central nervous system [1] . Cardiac sarcoidosis (CS) tends to be clinically silent or present with nonspecific symptoms. Additionally, some tests, such as angiotensin converting enzyme levels, echocardiogram, and endomyocardial biopsy (EMB), lack sensitivity or specificity. Given that the presence of CS is associated with high morbidity and mortality rates, and that diagnosis can be difficult and is often missed, a high index of suspicion is required to promptly recognize and treat this condition.
We describe the case of a patient who presented with cardiac symptoms, whose initial examination was negative. Diagnosis was made retrospectively based on later systemic manifestations that revealed characteristic sarcoidosis findings.
CASE PRESENTATION
A 54-year-old African-American woman with a medical history of hypertension and noncontributory family history presented to the emergency department for syncope. This was preceded by palpitations, diaphoresis, and mild chest discomfort. She denied tongue biting or losing sphincter control, and had a spontaneous recovery to baseline in less than 2 minutes. While in the emergency department, she became obtunded and was found to have a heart rate of 260 beats per minute (electrocardiogram was consistent with ventricular tachycardia [VT]), which required electrical cardioversion and amiodarone infusion. Electrophysiologic studies confirmed an isoproterenol-inducible fast sustainable VT associated with transient 2:1 block, for which she underwent radiofrequency ablation. Despite this, VT episodes recurred, and a single-chamber implantable cardioverter-defibrillator was implanted. A transthoracic echocardiogram showed an asymmetric hypertrophic cardiomyopathy with ground glass appearance without left ventricular outflow tract obstruction and decreased left ventricular ejection fraction (LVEF), suggestive of an underlying infiltrative etiology. Cardiac magnetic resonance imaging revealed the presence of diffuse areas of delayed gadolinium enhancement following a nonischemic pattern (Figure 1 ). To further clarify the etiology of the infiltrative disease, she underwent urine and serum electrophoresis, which showed no paraproteins; fat-pad biopsy with Congo red stain, which ruled out amyloidosis; alpha-galactosidase levels, which returned normal, ruling out Fabry disease; and ferritin level, which was normal, excluding hemochromatosis. Additionally, angiotensin-converting enzyme levels were normal.
EMB was nondiagnostic, with negative amyloid and Prussian blue stains. Her findings were labeled hypertensive cardiomyopathy. She continued to be followed periodically by cardiology without any recurrence of VT episodes. Three years later, she developed a left parotid mass and was evaluated by otorhinolaryngology. On physical examination, she had a temperature of 36.7°C, heart rate of 78 beats per minute, respiratory rate of 17 breaths per minute, and blood pressure of 117/76 mm Hg. Her lungs were clear, there was a 1/6 systolic ejection murmur at the left sternal border, and there was no organomegaly on abdominal palpation. Her left parotid region revealed a tender and mobile mass without associated lymphadenopathy. Computed tomography showed a 2.8 cm by 2.0 cm by 1.0 cm mass in the superficial lobe of the left parotid gland. To clarify the etiology of the mass, a parotidectomy was performed. Pathology showed multiple noncaseating epithelioid granulomas with focal necrosis involving the entire gland. Special stains for fungi and acidfast bacilli were negative. Given the concern for sarcoidosis, computed tomography of the chest confirmed the presence of diffuse reticular-nodular opacities throughout both lungs. Positron emission tomography revealed hypermetabolic activity areas over the left parotid, bilateral pulmonary parenchyma, and over lymph nodes on the cervical, axillary, and abdominal regions. Considering her history of cardiac disease, a repeat transthoracic echocardiogram confirmed the presence of severe hypokinesis of the basal septum and inferior and anterior walls and further decline on ejection fraction, suggestive of CS. She was started on a high-dose prednisone taper and methotrexate for her systemic disease, and losartan and metoprolol for her CS. Follow-up chest computed tomography performed 3.5 months later showed a remarkable response to therapy ( Figure 2 ).
DISCUSSION

CLINICAL MANIFESTATIONS
CS, initially described in 1929 by Bernstein and associates [4, 5] , usually occurs in the context of systemic sarcoidosis; however, isolated cardiac involvement can occur in up to 25% of cases [6] .
The noncaseating granulomas directly cause edema, inflammation, and subsequent fibrosis, with scarring of the heart tissue that leads to myocardial dysfunction [7] . Although any chamber can be affected, the left ventricle is more often involved [7] . Additionally, the myocardium and its conducting system are particularly vulnerable [5] .
Clinical presentation ranges from silent granulomas to palpitations, syncope, and sudden cardiac death depending on the location, extent, and activity of the disease [8] . Given the predilection to affect the conduction system, heart blocks and arrhythmias are common. Atrioventricular (AV) block and VT are the first and second most common clinical presentations, respectively; however, any block or arrhythmia may occur [9, 10] . AV dysfunction occurs more often in younger patients and can range from first-degree block (PR prolongation) to complete AV block [11, 12] . Arrhythmias can be supraventricular or ventricular. Supraventricular arrhythmias include paroxysmal atrial tachycardia, atrial ectopy, atrial flutter, and atrial fibrillation [13] . Ventricular arrhythmias occur in 30% of cases and comprise sustained and nonsustained VT and ventricular premature beats [9] . Of note, patients with AV blocks or history of VT have an elevated risk for sudden cardiac death, and the latter accounts for 25% of deaths in CS [14] .
Heart failure (HF) occurs less often than arrhythmias, but represents the cause of death in up to 25% of patients [15] . In fact, the most important predictor of mortality is a depressed LVEF [7] . HF is often secondary to either dilated cardiomyopathy (with reduced LVEF) or restrictive cardiomyopathy (with preserved LVEF) [16] . Right ventricular dysfunction without pulmonary disease tends to affect older patients and usually associates concomitant left-sided HF with preserved ejection fraction [17] .
DIAGNOSIS
Patients with proven systemic sarcoidosis should be evaluated for cardiac involvement given its high prevalence. However, since CS can occur in isolation and present with nonspecific signs and symptoms, a high index of clinical suspicion and integration of appropriate imaging, laboratory, and pathologic findings is always required.
Physical examination findings in isolated CS may reveal a systolic murmur consistent with mitral regurgitation as a consequence of cardiac chamber dilation with or without papillary muscle dysfunction [18] .
Angiotensin-converting enzyme levels may be elevated in 60% of patients with systemic sarcoidosis [19] . This test lacks sensitivity and specificity for the diagnosis of CS, and a negative result does not rule out the presence of the disease.
Electrocardiograms are usually abnormal in patients with CS. Findings comprise different degrees of conduction block and QRS complex fragmentation [20] . Conduction block defects include bundle branch blocks, fascicular blocks, and different grades of AV blocks. QRS complex fragmentation, defined as the presence of an additional R wave, notching in the nadir of the S wave, or the presence of more than 1 R wave in 2 anatomically contiguous leads [21] , has a high sensitivity and specificity for CS [22] . Other electrocardiogram findings may include supraventricular or ventricular arrhythmias and nonspecific ST T wave changes [20] .
Chest radiography may reveal nonspecific findings suggestive of HF, including cardiomegaly, Kerley B lines, and pleural effusions. Chest radiography can also reveal bilateral hilar adenopathy and other findings consistent with pulmonary sarcoidosis. Chest computed tomography is more sensitive and specific than chest radiography in evaluating sarcoidosis [8] , especially in detecting mediastinal lymphadenopathy [23] .
Echocardiography can be normal in clinically silent CS, but it is usually abnormal in patients with clinically manifest disease [8] . Findings may include regional or septal myocardial wall thickening that can mimic hypertrophic cardiomyopathy, interventricular basal septal thinning, ventricular aneurysms, and ventricular global or regional dysfunction, including dyskinesia or hypokinesia [8, 24] .
Cardiac magnetic resonance imaging is a valuable aid in the diagnosis of CS due to its high sensitivity and specificity [15, 25] . Besides the presence of regional wall motion abnormalities and segmental wall thickening or thinning, findings can include localized gadolinium enhancement, which is typically patchy and multifocal, representing a combination of noncaseating granulomas and associated inflammation [24, 26] . These findings usually follow a noncoronary artery distribution pattern and are commonly seen in the septum and lateral wall of the mid-myocardium and epicardium [8, 24] .
Similarly, positron emission tomography is an accurate diagnostic tool for CS. 18F-fluorodeoxyglucose accumulates in inflammatory cells with high metabolic rate, and its uptake is increased in CS [27] . Although no pathognomonic finding has been described in this imaging modality, its correlation with disease activity suggests a potential role in guiding therapy [7, 8, 27] .
Although histologic demonstration of sarcoidosis is required, patients with systemic disease can be diagnosed with CS without direct cardiac sampling. Usually an extracardiac tissue sampling of the lungs or lymph nodes can reveal the presence of noncaseating granulomas [8] . EMB can be considered when a clear etiology of the disease has not been established. EMB sensitivity has been reported as low as 25% due to the patchy involvement of the myocardium, as in our patient [28] . To increase the sensitivity of EMB, electrophysiologic mapping or image-guided biopsy can be used [29] .
Currently, no validated international guidelines for diagnosing CS are available; however, 2 proposed diagnostic criteria may be used: the Japanese Ministry of Health and Welfare guidelines (Box 1) [30] and the Heart Rhythm Society Expert consensus for diagnosis of CS (Box 2) [29] . Unfortunately, both tools lack sensitivity and specificity [7] . 
Histologic diagnosis
CS is confirmed when EMB specimens demonstrate noncaseating epithelioid granulomas with histologic or clinical diagnosis of extra-CS.
Clinical diagnosis
Two or more of the major criteria or 1 of the major criteria and 2 or more of the minor criteria are present. Major criteria 1) Advanced AV block* 2) Basal thinning of the interventricular septum 3) Positive gallium-97 uptake in the heart 4) Depressed LVEF <50% Minor criteria 1) Abnormal ECG findings: Ventricular arrhythmias (VT or multifocal or frequent premature ventricular contraction), complete RBBB, axis deviation, or abnormal Q waves 2) Abnormal echocardiogram: wall motion abnormality or morphologic abnormality (aneurysm, wall thickening, or ventricular dilation) 3) Perfusion defects on nuclear imaging: thalium-201, technetium-99m SPECT 4) Delayed gadolinium enhancement on CMR 5) Interstitial fibrosis or monocyte infiltration on cardiac biopsy Abbreviations: AV -atrioventricular; CMR -cardiac magnetic resonance; CS -cardiac sarcoidosis; ECG -electrocardiogram; EMBendomyocardial biopsy; LVEF -left ventricular ejection fraction; RBBB -right bundle branch block; SPECT -single-photon emission computed tomography; VT -ventricular tachycardia. * Advanced AV block: second degree or complete AV block Table 2 Heart Rhythm Society Consensus Statement for Diagnosis of Cardiac Sarcoidosis
Histologic diagnosis
CS is diagnosed in the presence of noncaseating epithelioid granulomas on histologic examination of EMB with no alternative cause identified.
Clinical diagnosis
Probable CS if: a. There is a histologic diagnosis of extra-CS and b. One or more of the following is present 1) Corticosteroid or immunosuppressive therapy responsive cardiomyopathy or heart block 2) Unexplained reduced LVEF (<40%) 3) Mobitz type II second or third degree heart block 4) Depressed LVEF (<50%) 5) Patchy uptake on cardiac FDG-PET in a pattern consistent with CS 6) LGE on CMR imaging in a pattern consistent with CS 7) Positive gallium uptake in a pattern consistent with CS and c. Other causes have been excluded
Abbreviations: CMR -cardiac magnetic resonance; CS -cardiac sarcoidosis; EMB -endomyocardial biopsy; FDG-PET -fluorodeoxyglucose positron emission tomography; LGE -localized gadolinium enhancement; LVEF -left ventricular ejection fraction.
TREATMENT
Management of CS requires a multidisciplinary approach, involving immunosuppressive and cardiacspecific treatment. The goal is to decrease the ongoing inflammatory process and the severity of cardiac dysfunction.
Corticosteroids are the mainstay for treatment of systemic sarcoidosis. Their role in CS is to suppress inflammation, fibrosis, and granuloma formation, thus preventing further deterioration of cardiac function [15] . Although no consensus exists in dosing and length of treatment, a common approach includes the use of prednisone at a dose of 30 to 60 mg/day for 4 weeks, followed by a slow taper to reach a maintenance dose of 5 to 15 mg/day for a period of 6 to 12 months [15, 19, 24] . Patients receiving prednisone at a dose of 20 mg/day or more for at least 1 month should be considered for prophylactic therapy against Pneumocystis jirovecii infection with trimethoprim-sulfamethoxazole [31] . After 6 months of systemic corticosteroid treatment, fluorodeoxyglucose positron emission tomography should be obtained to assess for response. In case of persistent inflammation, corticosteroids should be continued [32] . Glucocorticoid-sparing, such as methotrexate, azathioprine, mycophenolate, and tumor necrosis factor antagonists (e.g. infliximab) can be considered when high doses of prednisone (e.g. >10 mg/day) or prolonged courses of corticosteroids are required, for those who cannot tolerate corticosteroids, or those who continue to worsen, despite their use [19, 24, 33] . However, given the frequent responsiveness of sarcoidosis to corticosteroids, use of these agents is rare and evidence regarding their use remains scarce [24, 33] .
Pacemaker implantation is used in patients with an indication for pacing (ie, complete AV block or second-degree AV block). This is performed even if the block transiently reverses, given the progressive nature of the disease [34] .
Ventricular arrhythmias may require use of antiarrhythmic agents, catheter ablation, or placement of an implantable cardioverter-defibrillator [29] . No specific antiarrhythmic is preferred over another, and the choice of agent varies by individual. The most commonly used agents are class II and class III antiarrhythmics, particularly amiodarone and sotalol [35] . Amiodarone, however, can sometimes be limiting, given its potential pulmonary toxicity [24] . Class IC antiarrhythmics are often avoided due to coexistent structural heart disease [35] . Catheter ablation is often considered in patients with refractory VTs, despite antiarrhythmics, but its efficacy is highly variable [35] . Implantable cardioverter-defibrillator placement should be considered for patients with sustained ventricular arrhythmias or LVEF of 35% or less despite optimal medical therapy. Other indications include unexplained syncope with suspected arrhythmic 12 etiology and inducible sustained (>30 seconds) monomorphic or polymorphic VT [29] . Patients with HF should receive standard therapy for this condition.
CS is associated with poor overall prognosis considering its silent course and frequently lethal clinical presentation (e.g. sudden cardiac death). For instance, most cases of CS are diagnosed during autopsy [19] .
CONCLUSION
CS, although usually seen with systemic sarcoidosis, can occasionally present as an isolated disease. Given its nonspecific signs and symptoms and its potentially fatal presentation, diagnosis requires a high index of clinical suspicion and integration of clinical manifestations, imaging, and pathologic data. While the presence of extra-CS may facilitate a histologic diagnosis with the use of extracardiac samples, isolated cardiac involvement may require EMB, despite its low sensitivity. Therefore, use of different cardiac imaging modalities plays an important role in the diagnosis of CS. Treatment of CS depends specifically on the manifestations, and usually combines cardiac-specific treatment with systemic immunosuppression to reduce disease progression and deterioration of cardiac function. 
